Each of the studies reviewed above looked at near-term thin-film cell technology on flexible, but not necessarily lightweight arrays for Earth orbiting applications.
Only when the cell efficiency of a thin-film array was greater than 10% did they compare favorably with crystalline cell arrays for some of the missions studied.
In the present study, the performance of ultra-lightweight thin-film arrays with assumed cell efficiencies ranging from 5% to 20% are evaluated for missions in Earth orbit and beyond.
ANALYTICAL APPROACH
One objective of this study is to estimate the improvement in cell efficiency required for thin-film arrays to be more competitive with higher-efficiency crystalline cells from a mass and area perspective. From a mass perspective, array specific mass is the figure of merit. Array specific mass can be obtained by dividing the specific area (W/m 2) by the array's area density (kg/m2).
Specific area is a function of the cell efficiency and array packing factor. Area density is a function of the cell material density and thickness and the array substrate, wiring, support structure and mechanisms.
To a first order, the cell efficiency required to match the specific power of an array of a given type but using different cells (i.e. the array area density not including cells is assumed to be constant) can be estimated with the following equation,
where 77 is the cell efficiency, PF is the array packing factor, Array is the area density (kg/m 2) of the array, including its ,siring, Substrate, support structure and junction arrays result in the greatest spacecraft-level meChanisms, and Ceil is the celI area density. While mass and cost benefits, the array area density is held constant in this first order materialdensities,including the coverglass, of 0.50kg/m 2 for theSi cell, 1.0kg/m 2 for themultijunctionGaAscells, and0.16kg/m 2for thethin-film cellsareassumed in figure 2. Inpractice, theactual cell efficiency required to match arrayspecific mass will alsodepend on the cell operating temperature and degradation of thecellefficiency fromenvironmental effects overthemission life. Nevertheless, figure2can be usedto discerntrends. For example, the figure shows thatfor ultra-light arrays (areadensities from 0.25 to 0.75 kg/m2), only moderate thin-filmcell efficiencies arerequired to match thespecific power of arrays usingmuchhigher efficiency, butheavier cells. Improvements in thin-filmcellefficiencies maystillbe necessary in order toreduce thesizeofthin-film arrays in orderto minimize attitude control system impacts andto reduce arraystowed volume anddeployment complexity formissions withthese concerns. Figure 5 plots the PV blanket and total array specific power for each array. Figure 6 depicts the total array area for each array on a relative basis, normalized to the 4-j GaAs case (50 m2 
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